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Abstract

Oocyte development and pattern of sex differentiation were
investigated in horsehead, Branchiostegus japonicus, in Jeju costal
sea to understand the reproductive cycle, and sexual characteristic.
The gonadosomatic index (GSI) was increased in June and reached to
its maximun in October., Developmental changes of the ovary were
correlated with the pattern of GSI. On the basis of histological
observation, the oocytes were divided into the following nine
stage: chromatin-nucleolus, peri-nucleolus, oil-droplet, yolk vesicle,
primary yolk, secondary yolk, tertiary yolk, migratory nucleus, and
ripe stages. The oocytes of yolk stage were observed from October to
December. After January, the ovaries were composed of the chromatin-
nucleolus and peri-nucleolus oocytes. Based on above observation,
reproductive cycle of the horsehead could be divided into the
following successive stages: growing (July), mature (September), ripe
and spawning (October and November) and resting and recovery stage
(December to June). Major spawning period was October. Based on a
oocyte development pattern, the horsehead was considered as
asynchronous oocyte development type. This species was considered as
spawning over two times during spawning period. The process of sex
differentiation from undifferentiated stage to ovary and testis was
also divided into four types in this study. Female: gonad was ovaries
of female containing oocytes and ovarian cavity without spermatogenic
tissue. Superior Female Intersex (SFI): gonad was mostly composed of
previtellogenic and vitellogenic oocytes, and the periphery of the

lamella contained several spermatogenic tissue. Superior Male Intersex



(SMI): gonad was mostly contained spermatocytes formed within cysts and
several prevetellogenic oocytes, but not composed of the ovarian
cavity. Finally, Male: testis of male was filled with active
spermatogenesis, but contained no oocytes. In this species, Sex
distribution of female, SFI, SMI, and male in total length were 12.0~
39.9 cm, 19.0~39.9 cm, 19.0~39.9 cm, and 25.0~42.9 cm, respectively.
These results suggest that type of sex differentiation in B.

Japonicus was cosidered as undifferentiation gonochorismic type.



I. A4 &

—

&%, Branchiostegus japonicusZ %015, LEol &3l= GFA o
T2 MAZLZE 34 28F0] ¢3A oy 2 Uzt FHo: &
&, B Jjaponicus, %%E, B auratus, &5°|, B argentatus § 3%o|
A A RicH(Jeong, 1998). SEZ 2| Uzl €, A& F¥ old, 5 <2
Zafo] AX E£X32 4 10~300 0 HE FE spajelof AH A4
st 53], "Holut Refulete] 1HE& mhil 1 Koo 4¥stes 448 7}
HrHKim et al., 1994). AFE AT ol T8 FAE BEu 20~50
ot 2} I FE ol of o] FAEEH T, 1990dt) XAiAE R o
ddgoigdog oY UrkKin and Jeong, 1988). AHFTolM LEL x|
o SiAELE 271 offolu} oY Fxt FiEo &gt Al o] FF
3] Z43he AFolth
HFE Z3ol MAE SES UAoE Az Ao A} A3
Jang, 1986: Kim and Jeong, 1988)2} A3 7|(Yang et al., 1997) 50|
A, A2 A2 FFIY FES e ¢ A7 A 4
el ARHgefol &Rt AU EYY dF(Lim and Misu, 1974: Hayashi,
1976, 1977, 1979)¢} o] Fo &3} HA4s W Alglo] A A3
(Watanabe and Suzuki, 1996) $o] glt}.

—_

Je]a o2 FHe Carolina 3|¥o] AMAl8l= Caulolatilus microps
(Ross and Merriner, 1983), WA|32] La Paz Qo] AAl3N= C princeps
(Elorduy-Garay and Ramirez-Luna, 1994), 7§2]|XUjo}ute] Cerralvo 23}
ol MAl8h= C affinis (Ceballos-Vézquez and Elorduy-Garay, 1998) %
o) SEF (Branchiostegidae) & TIOE Ui WY Pato] ME M
ARE 5ol A dFEo] Al

ojf2] GAAE AgolMY AAFFAHE A FEEI Q. xgoln)
v 27] 4EH FBedA 239 Yely SAof ulel 23} o]y o
2 W3 ctHYamamoto, 1969). E¥ ALRo|Ml= x|, Paralichthys

ik



olivaceus (Lee and Lee, 1990), 2}3¥, Takifugu rubripes (Matsuura,
1994), pejerrey, Odontesthes bonariensis (Strussmann et al., 1996a),
channel catfish, Ictalurus punctatus (Patino et al., 1996), ‘YJn]A}
atherinids, Odontesthes argentinensis®} Patagonina hatcheri (Strussmann
et al., 1996b), Zu|Ez2}, Sebastes schlegeli (Lee et al., 1996), AhN
o], Oncorhynchus masou (Park et al., 1997), #&vlo|,  Sebastiscus
marmoratus (Oh, 1998)%F°] 931, n|E#A z}golAls odoi, Cyprinus
carpio (Davies and Takashima, 1980), sumatra barb, Barbus tetrazoa
tetrazoa (Takahashi and shimizu, 1983), %5, Pagrus major (Kim,
1989) o] Qlt}. cichlid, Tilapia zilli (Yoshikawa and Oguri, 1978),
zebrafish, Brachydanio rerio (Takahashi, 1977), {@4F wW3o],
Anguilla anguilla (Colombo and Grandi, 1996) 52 807 w]l YA|HQ
A& FAE 7= €Y 2ApgolMo] ¥t} 1@y §E, Oplegnathus
fasciatus (Kim, 1998)2 Z7]o] 442 3] Fegy ¢le] ZA¢ &
2} ¥ 140U5E 207H¥71A] ovo-testis& ZHA|Tizl 3deolsl HEA %
A Riog Eislo] EEY HAAL Yamamoto (1969)7} Z|AJ§H 2}-go]
AREol M A% M o] Kin (1998)0] AlZo] AAISH= oA Esjaiol
&gt

%52] 7% Vatanabe and Suzuki (1996)7} x}x]ojol S e AHE3}o] B
¥ ATE sl AgolMol &3t o Tt o, B Aol
ol 2 2hA 7ol gAA) 272 Efo] BY AFE nlu]y Aol

ol & AF Ao ANt FEL oS A XUNBL] &
glet ofu] ALS W FRAA] Y HAPERAQ 7|2 ARE YA}
#isto] BMLFFA¢Y WEE} d23 GRAZ U} okale] mpE
BHFTI9} ARIAT] Jeln 4R BAof tisly 22 oz zapsly
ch.



II. A% g vy

kil

AYols AFE MAXe} 23 6~8uld oA 19979 195 124
72 AL 2 oYyt SE2} 19989 19 P E 12974 9Ju], MHXE 6~8
ol 3, 2Hel i, 2] 199993 19YE 129712 MAE Sy
6~8utd oA oY KES YT viY 1~28 16~117nj2)d] &
1,7150t2] & 2Y3tATHFig. 1). WYY APole] HAL 0.1 cn, AFL
0.1 g 223 AL FF2 0.01 g7kx] &5t 19999 198 129
7hA] 20 & 594ute] e} 2000d 1090 AFA] AR Aol TR 34n}e
o SE2 M4 U 2AYY o gt $F 2 Fuos
1997:32} 1998'd 7~8%, 1999 8~94 ] APl A Hstx] £t

zAehy zapay

APY SE2 FEe} Al U Yo 2| gla A
4§ Bouin's solutiono] 1AsIH D, AF2AeFERARE o] &3]
paraffin =33 & A zleldl 88 9E0] Microtoned o] &3t A
Ma 222 FUdEE 5~7 m FAE AMsidh ZAFEL Harris
hematoxylin(H)2} 0.5%-eosin(E) 2.2 vH|2 @G slgon, a2 1}
R WAL 93] PAS (periodic acid-schiff) ¥H&-g A]71 ¥ 3}y
Btoll A AAstadct YRMRY A& HAMZ Micrometerd AMR3}
o &3stach FRME UPGALE Hoque et al. (1998) 59 Rg
Z38}o] Camera monitor system (Sony, KX l4cpl)O8 ZRAALS ZAAsy
th

BRda o] GREAR YedAE Akl A% AA 74, 109, 11



o, 12499 4R 4 o UHTAE GREAMRE EXH|EE AAtsig
=3

XAl A Z 82| 45 (GonadoSomatic Index: GSI)E ‘A& ZaFx100/32
of 3t Attt A4 ol FRAMEL} GRARI Exfstes 74
AN F M4 ol daFte]l ¢ FRMEL] EXuH|go] Y AL A
294 ZH7A|(Superior Male Intersex: SMI), ¥bHofl (R Ee] H]g
o] B2 A& YA H ZH4 h A (Superior Female Intersex: SFI)& U
gk Aol wE AFAIEL Kim and Jeong (1988)8] R E Hasiyd
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Fig. 1. Map showing four sampling areas around Jeju island where the

B. Jjaponicus were collected,

A: Gangjung, B: Seogwipo, C: Wimi, D: Onpyung



m. 2 2
g ae] Wy

S5 M2 Y Bele 57 FHAM 3 Zo Y N3E g
TR YL ol F2 glrh &Y YAt B¥NG w d3y F
Hu RQoR, o 7j%-e] Yol ¥Ho] At e gl
ORI 2 29 % OB o]FolA glon, H&¥ FaE KNG Ul
H HEBEIR st g EALE Yo PEsh] ofArt

R A WPRIxe @2 dasdo FAF Aa Aoy
Gl dojutrh. £33 HaE W FLLHSE o]FojA gle
o B4 £guoly PP aEel dojyrh. SFle FHAUI A
AUMIRAMEFO] A4 tFEE At BAlau watdule] P
MR} BEAMEFO| EZEE ZEIIAI(Fig. 2-A), ME AP Ao] ¢

oltts £HE Atololl HHYste YRMEEC] L4+ XA THFig 2-B).

Fig. 2. Morphological feature of the gonad in SFI and SMI stained with HE.

A: SFI gonad filled with peri-nucleolus oocytes and several
group of spermatogonia. B: SMI gonad was composed of the
testicular lobe and several oocytes. oc: oocyte, sc:
spermatocyte, sg: spermatogonium, st: spermatid. Scale bars =
25 ym.



2. g3l GsIe] WEw3y

AR SE ¥ 6SI 2 19979 1€5E 1999 1297x] 3d HQ

FARE Z8E& Reon, 195E 54712 0.50 o|ste] w2 gt {8}
AL 6 NE] A3 F71817] Al Rbsto] 9~109oll= 1.50 o] 4] & 3t
S K ¥ 1140 EojAHA] t}A] 0.50 o|5t2 FA3] yopAc}t 1999
ol= 642} 7¥€ Atololl GSI gro] YA|H o g ylolx|= VAS R ArHFig.
3).
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Fig. 3. Monthly changes of GSI in female B, japonicus, from 1997 to 1999,



dBE A2 GRAXY Heldy A3} @N4, R e, o
o olF T ZAYA Ao Ay e ITAEZ etk gAaly)
(chromatin-nucleolus stage), $™el7](peri-nucleolus stage), §37](oil
globule stage), ‘W XE7|(yolk vesicle stage), 12X} W3%-37](primary
yolk globule stage), 22} W33 7|(secondary yolk globule stage), 33}
%2 7](tertiary yolk globule stage), #o|%7|(migratory nucleus
stage) 12|31 ¥57](ripe stage)E o).

GHHEE ¢ of 8.7 mE JYMEY hRES A 52T 2
o ¥z @HAE JHA3 gtk EAAY] YRAZE ¢ o 12,5 mE,
MR tfFE& ARA|3H= 3} hematoxylindd] S EE = MEAZ o] fof
A glon, Huo] AUz} shte] qlo] EX3IATHFig. 4-A).

FHAZ] GRAMEE WA 30.0~50.0 mm, 7 10.0 m HFo|glon
A3 =Xt FHAY GRAHR WY AL A7|7t FASEA 47}
S7tsto] dto] Faj AU, MEAUL hematoxylino] SEH ¥ (yolk
nucleus)o] &¥3tadcrh(Fig. 4-B). ¥7] FHAU/J HHE MEAo)| FuH
hematoxylin®] =7} @oj2|1, 6.3~8.8 m & 7 UgMe 4gx
e FHOoE o|Fdled AAMFCt 123 o] A|Jjo] YRMEE Sax
+ 9 XEZ(follicle layer)o] =¥ odcHFig. 4-C).

F17] GRHZE G 150.0 m2, HEAo EXs= §75¢ 37
2t 471 F718tE R FXE(vacuolar)y o|Yth. X EL Zwls|Rct &
AN Ao WAl (zona radiata) 7} B A =l Qic}. (Fig. 4-D)

YRR GRARE XA dMgo] THIFolY T o uly
don, drMES Iyl A 130.0~150.0 im, %7 150.0~170.0 m
oldth UIHEE A 6.0 me] AXZ PAS Hbgo] HAMG wod 4xY
8 7g=tel§ wel BRI THFig. 4-E).

I 7] dRAZE G 170.0~240.0 mE, ARl ¥ =y



L2 IRFEC] FHHAE FIFES 717t vheksta ¥ FHo HAE
gdem F7iet £71 FrrEtAch ARES Bt o FANET MEYY
AXZ Ato]e] WA= eosinoll VA EMEAoH o 3.0 m FAACE
(Fig. 4-F).

22 W) dRAEE F 240.0~350.0 mT, GRAME QA
oz} gt 2718 {750l AR dFog olFstdrt WHIE
AELL] Ao BE FEol EEstgon 379 7} F7istdr). Yapd
thet HEFS 1A UBIFI) GRMAERC} wdstdct galMos of$
F7ANA eosino]| A BAMEcHFig. 4-6).

32t IR GRAEE G 350.0~410.0 mE, HXY Ao I
FE5°] 715 Hrh GRME Yo A7} tlE §750] BFHyow B
E3tA R YA E ¢f 8.0 m FAZ WSt THFig. 4-H).

YolF7] FRAEE I 450.0~550.0 mE, MEZo] @7} Fd
sHAl 2Xstglon Hgte uPPoe Ax3 HA ¥ MY Fo
olX FEF HO2 olFstart WAME FA7E & 15.0 w3 wes)
231 (Fig. 4-1), $EF%H Yrtudche] & 6.0 m, o] 13.0 m2] o]
9 x| 3Gt Fig. 4-J).

5 GRAREE HY 560.0 mZ, ¥ FET Fol 9l AxA
o 1o} fAE0 FAHF dWupap gEAe FEo] oHrHFig.
4-K).



Fig. 4. Photomicrographs of B, japonicus stained with HE,

A: Oocyte of chromatin-nucleolus stage with very thin sheath cyto-
plasm and a large nucleus, Scale bar= 10 im, B: Oocyte of the early
peri-nucleolus stage: the nucleoli distribute around the inner
margin of the nucleus membrane, Scale bar= 25 ym, C: Oocyte of the
late peri-nucleolus stage: the yolk nucleus deeply stained with
hematoxylin, Scale bar= 25 ym. D: Oocyte of the oil-droplet stage:
the oil-droplets almost appear as vacuolar, Scale bar= 25 (m. cn:
chromatin nucleolus oocyte, n: nucleus, no: nucleolus, od: oil-

dropiet, og: oogonia, op: ooplasm, yn: yolk nucleus.



Fig. 4. Continued

E: Oocyte of the yolk vesicle stage have small vesicles, is stained
with red-color in the outer region of the cytoplasm. (PAS, positive
reaction) F: Oocyte of the primary yolk stage: the yolk globules

appear first in peripheral cytoplasm as minute granules. G: Oocyte
of the secondary yolk stage: the yolk globules increase rapidly in
size and number, H: Oocyte of the tertiary yolk stage: the entire
cytoplasm is filled with many yolk globules, Scale bars= 25 m. fl:
follicle layer, n: nucleus, od: oil-droplet, om: outer ovarian

membrane, yg: yolk globules, yv: yolk vesicle, zr: zona radiata.

-10..



Fig. 4. Continued

I: Oocyte of the migratory nucleus stage: the nucleus moved towards
the animal pole. J: the micropyle is observed at zona radiata of
the animal pole(picture of right-corner magnified a square in
picture J,Scale bar= 10 tm). K: Oocyte of the ripe stage: the
yolk globule became a complete single mass. L: Empty follicle
remained a mark after ovulation. M: Atretic oocyte. Scale bars=

25 ym. do: degenerating oocyte, ef: empty follicle, fl: follicle
layer, m! micropyle, n: nucleus,od: oil-droplet, op: ooplasm, Yg:
yolk globules, yv: yolk vesicle, zr: zona radiata.
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4. BEdiolA dRAX] UdiAY X

B SF dAY GEAE UdiAE 7gu] 82 WH3tE Table
12h ol iy FHA7] YRR v]82 1090 46.1%H 32 7, 11, 12
Holl= 83.0%, 76.8%, 86.3xArt. 77| YRMEELS 7€o] 7.2%A 3 10
Holl 13.0%s2 7ol vl3] &3O}, 11¥o] 7.6%, 1290 6.7%F Hx}xo
2 stopzich ¥ GRAZ v &2 7Hof 9.5%% 21} 10¥of 33.9%
2 7¢0] vls) HriHog Z71stgn, 1€l 7.6%, 12%0) 3.4%3 27
5| Zastach 5 GRAR H]&L 740l 0.3%Z 3 10€o] 5.9%2 &
7¥8193, 11¥of 0.7%2 ZtAdtgc) E R (atretic oocyte)s 7
ol AUFA] Qgtort, Wdau) EXu]&o] 9o 0.1% 10¥ol 1.1%%
31, 119¥0) 7.3%2 Z7}5te] 1240 1.8%2 ZHASITH

1098 o]l WIEI] GdRAZ} Hg GRMEESL H[Zo] &9

T}

- 12 -



Table 1. Monthly changes of total oocyte number and frequency of each

oocyte stage in mature ovary of female B, japonicus

Towl PN Ol droplet g?{)g:(le Ripe  Atetic o
Month no. of stage stage stage
Stage stage follicle
00V "No._ % No. % No. % No % No. %
1319 1197 907 63 48 59 45
2556 2140 87 1711 67 233 9l 12 05 +
July 1142 88 7717 B 66 179 157
977 7% 815 90 92 8 88 5 0.5
1117 884 792 112 100 121 108
Average 1422 1181 8.0 102 72 136 95 3 0.3
1273 508 399 184 145 45 358 119 93 6 05 e
1220 593 486 135 111 416 341 50 41 26 21 4+
Oct. 1085 665 613 115 106 267 246 27 25 11 1.0 ++
2234 941 421 336 150 801 359 146 65 10 05 +++
2421 1091 451 297 122 849 31 147 61 37 15 ++
Average 1647 760 461 213 130 558 339 98 59 18 11
1075 803 747 - 91 85 110102 6 06 65 60 +
1160 84,736 75 . 65 . 143 123 4 03 8 73 +
Nov. 895 763 853 21 23 9 1.0 19 21 83 93 +
797 665 834 90 113 28 35 3 04 11 14 +
519 330 636 61 118 48 92 80 154 ++
Average 889 683 768 68 76 68 76 6 07 65 173
1521 1375 904 71 47 23 15 52 34 +
1884 1839 976 45 24
Dec. 1768 1395 789 238 135 44 25 10 06 81 45 +
1896 1862 982 M4 1.8
- 717 476 664 78 109 92 128 64 89 7 1.0 ++
Average 1557 1339 83 93 67 32 34 15 18 28 18

* Relative amount of empty follicle is indicated by marks, + to +++,

-13-



U ML) A UM PALFPR| o] HIE sl B
o, 3o PAF7]= 43 7](growing stage), 4<% 7](mature stage), &
% W Atgl/)(ripe and spawning stage), #A 3 3|2 7|(resting and

recovery stage)?] 4¢tAlE T EY £ 9lor}.

3 37) (growing stage): GSI o] A4sts 64%E YR AN
47 R3S Aastdon U7 YRMEEC] 4L Al%sty
th ol& 47 AMEL 78l 7hg Yol Fusidct

‘4% 7](mature stage): GSI Zto] &2 Zt& Hol: 9™olA 109 A}o]
o] A v e 233 300.0 m BFO AL YR BER

staich

@< 9 AR (ripe and spawning stage): GSI Zto] 211§ Kol
1099 diaes asyd o) 530.0~570.0 m ¥ &0 I
ap olon, ¥E3 it XS Rk o]t AlRiAlE 12971
U7 olort oifE 10~11¥0] &¥sACE

rlr
lo

Mo

32

Fx R 2HJ|(resting and recovery stage): GSI Zto] A3
olxle 1YW iy nyE¥ o] H3I - F4EHAEAN THs] &5
Tl 2~399 YA 20.0 m AFL ozl YEAREE0] Yasy Aty
XSt A 7L 2P| gt o] ¥t HEI] Atel o|E3) 6d
7Hx] 71 7F A &= Q)

- 14 -



6. AFPo] WE Mo X

A 4] =2 Zato] o3 EA4Y Aol wlE Aol EXE Table
2o] Uehfgdct 2" $52] HAL 12.7~41.5 cm Heldch & 628
op2] F 362 ube](57.7%)7F ¢RoE AW olg AxsAL, $RL 63
ote](10.0%) g om ZHAd7iAlE= 203 ©bre)(32.3%)dch AN 2 SMi=
103 =te](16.4%), SFI&= 100 mi2|(15.9%)%dch Ao w2 4B
Az, ¢ 12.0~33.9 cm (99.0%)olA 22 2Xslgdn, $He Az
25.0 cm o]iolld ZHSICE SMI= ARA 12.0~15.9 cm &} 22.0~30.9
cm (98.1%) AtolofA F2 EXEstd, Atgh Ml 3~593} Atglr| e} kgt
21 ¥ 10~1240] &¥stdrt. 2|3 SFlE A3 19.0~33.9 cn (97%)
Atololl N F2 EESIGD, 192, 3~5d0] 28stAct.

Table 2. Sex ratio according to the total length in B. Jjaponicus

& %

Total No. of  Female Male SMI SFI
length(cm) fish No. % No. % No. % No. %
12.0~159 34 27 794 0 0 7 20.6 0 0
19.0~219 41 34 830 0 0 1 25 6 14.6
220~249 118 7S 636 0 0 24 204 19 16.1
25.0~279 203 125 616 8 39 32 158 38 187
280~309 144 78 542 12 83 26 181 28 194
31.0~339 42 19 452 11 26.2 6 14.3 6 14.3
34.0~369 31 3 97 20 64.5 6 194 2 6.5
37.0~399 12 1 8.3 9 75.0 1 8.3 1 8.3
40.0~429 3 0 0 3 100 0 0 0 0

Total 628 362 577 63 100 103 164 100 159

* SMI: Superior Male Intersex,

*% SFI: Superior Female Intersex

- 15 -



7. BA&FH 3 AN (sMI)

SMI= A4 ol FUMEY 448 UYRAMEEO] ExFIHI(Fig.
5-A), YRAMEEC] E3z} A uvizh) AA A 3] (germinal epithelium)&
whet BLHEE} FRMESO] £EFAsATHFig. 5-B). dAlas}
"ol mhel BAAE AAGE FHE wel FUMELY FRMEE 4
Hog F7letAM EE BFstAchFig. 5-C). A%5A171(108)o] Ho
UM BHLE ey £ BEstaal, Adueles FEME, BAX

o]
=
Bol thiE Axstdon e 9

rO

7] Y2 MEgle] ERE R Byl
ActhFig. 5-D). AQAI7e AALE 49 o] BUYME, FRAE, 3
AZ, BREZ 745 AL 1~2708] GRA ERlo] ZastgTHFig. 5-E).

_16_



Fig. 5. Photomicrographs of the SMI gonad in B, japonicus stained with HE.
A: Most spermatocytes and several oocytes are distributed in gonad.

B: Degenerating oocytes, spermatogonia and spermatocytes are
distributed in germinal! epithelium of gonad. C: The spermatogonia
and spermatocytes around germinal epithelium formed cysts. D: The
cyst with spermatocytes and spermatids in gonad is formed lobule,
E: The lobule of gonad is filled with spermatogonia, spermatocytes,
spermatids and spermatozoa, Scale bars= 25 im. oc: ococyte, sc:

spermatocyte, sg: spermatogonia, st: spermatid

_17-



8. LM 3 AA(SF])

SFle th¥2 FHUA7 GRAZE0] Xxshe 27] HAtiAe] g

A 4ol

0~7.0 m A7]2] HYMNE HejEo] =Bc=8 Hys)

—_— AL

6.
AchFig. 6-A). 22la BALT S whgd7] Aol FUME Faj®ul oz}

3.5~4.0 ym 3718 | 1| FRME FelgE d¥ BAUSHUCKFig. 6-B).

2y A 1 BRAE ol HHY FRAE, FMAE, FAES ol &
4 et

Fig. 6. Photomicrographs of the SFI gonad in B. japonicus stained with HE,
At spermatogonia distributed in germinal epithelium of the gonad
filled with peri-nucleolus oocytes (picture of left-corner magnified
a square in picture A, Scale bar= 10 ym, ) Scale bar= 25 im. B:
spermatocytes distributed in germinal epithelium of the gonad

filled with peri-nucleolus oocytes, Scale bar=10 ym. sc: spermato-
cyte, sg' spermatogonium,

_18_



BEFY dae BAsT 2o AAsl Yutyog IH Uit
% (gymnovarian condition)2} WA}¥(cystovarian condition)2& U+
(Hoar, 1957), ‘34382 ¢49 XA FAo et AN 13 G4
2 72383l 9ltH(Takano, 1964, 1989). &F-2 A& AARI} Mriog
FE ¥TYoT ARSI olo whet ha wpute AAR Zolg wel:
HIAAE FHOZ WA vl & 3in, 0] & Eatn GaZe] B
Qlol Aol ¥R AN 1ol &3ich

thE22 olfe AEAoR WHH Ayld 45 ARSI, akkbr|g 2
HEE BAFIIE Yehi oed, BARAYE AHosls gaozy v
2} 20| o] #oidlar QItHBaik, 1985: An, 1994). o] Fo] A4 w
U3 ANMEY Bl G FE BFVY S22 WHE o F A
BE AANoE FES 9tHAida, 1991). 28], Carassius auratus
(Razani and Hanyu, 1986)Z2 &AARIY 2 32|X], Rudarius ercodes
(Lee and Hanyu, 1984), A}2]%, Chromis notatus (Lee and Lee, 1987),
&2|=el7], Halicoeres poesilopterus (Lee et al., 1991), o]alizej7],
Pteragogus flagellifera (Lee et al., 1992), tile fish, Stephanolepis
cirrhifer (Lee et al., 2000)Z2 S3IAARIY, Ux}idgo] &k
Acheilongnathus rhombea®} A. longipinnis (Shimizu and Hanyu, 1982,
1983)42 FAAIRIY, WWE  Chasmichtys dolicognathus (Kaneko et
al., 1984)2} 'HWS<&o| <&3l= Chaenogobis macrognathus (Hibino,
1984)2} 2 FAARYY, $Ale], Oryzias latipes (Awaji and Hanyu,
1987, 1988), ZBWS, Tridentiger obscurus (Kaneko, 1986), W%,
Thamnaconus modestus (Lee et al., 2000)Z& &3sAARHY 23
Repomucenus beniteguri (Zhu et al., 1989)Z2 &7 Alztddo] olc). ¢
VHOT FeANIY] SFE R AL 44 A3 4
ARE £ Fgol st fEED, A3t7]e 2aE= Ao Tl
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23ty R =¥ r}H(Asahina and Hanyu, 1983: Awaji and Hanyu, 1988:
Kaneko, 1986: Shimizu and Hanyu, 1982). HtH 2 A9} EAARIEEL =
2 A% Thdtof ofste] P4 %3} atgto] ZAHTin gyA Ut}
(Shimizu et al., 1987: Lundquist, 1980). o] i oA AMAIAZS =2}
HOoR ZARRE Az, Ado] mE AFAl S5O HAL wUY Pare 2o
ol Wal7b] Alasta, do] golxl: 10~114€0] F2 AHe 8= 2
AL Pol &3l 22 UEehY Yang et al. (1997)2] A=y ZAz}e}
FAFSHETh o] ol A Fol MASH= BAHEIIAA, Siganus canalculatus
(Hwang, 1999)= 3t AgEA7]of 13] Argrsls wbdA o 7ubetol = lunar
cycleo] uietrM 2~33 Algtste] P2 EIRXAFA AL Halz|o ulg}
A ARbe]Eol thEA Uetua drh. Jeu §59 B9 & ey
At Tokushima 2} HF = et = RASIA Lehta glch
GRE B FRAMEY ey S gy, dERA A, o
EA x| e, ¥ o5 & ZARA Ul o] WHUTIAS e x
71787%7) FEMEE Qo] uidzt uhdol whel HMel7](chromatin-nucleolus),

FWel7] A7Jl(early peri-nucleolus stage) W FHAJ] FEJ)(late
peri-nucleolus stage)® ¥ 4 QItH(Guraya et al., 1975). E3],

P2 FZolFY FL IH¥(yolk nucleus) S WEAMEL] A EAo)
GRELo] FAF] dA FHA7] whAlel] Ll GRAZS GE))
2 4%sPHAM £AE=o(Chung and Lee, 1985: Lee and Lee, 1987),
Guraya (1979)= 18¥o] MEA7|H L AP HA4z2 27} 222 &
Ao BAZAN URAZY cial Yoy Fa3 UL Urin 2yEn
AT o] AFelME FHs] AJje] FVY IHHLS 2y ¥y
HIZH FHOE o]Fstod LAY, o] A7) VEHES Saja o
EZo] Hol7] Astgdr}. o] n]Fo] Hol UV QBT UAXE
ol ByF A7l BAT} st Azt

HEAHAEY §79 2L olFel wely tiEA Yehtey, 73,
Lebistes reticulatus(Takano, 1964), %], Lateolabrax japonicus (Hayashi,
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1972)ol s GHEo] HRE 2¥3 ¥A Ueldz, zte]S(Lee and
Lee, 1987)0ll4= IE ¥/go] AIZH Fof AT o] dAFolM &E9
GEAEY §7 VA= FHAI GRMZN UBEY Yoy
£ §o7te Al7lel B0l 21, ol falsir)
olfre] JEME WG FIIUEY, JEENdy, e sy
3ol 3 /Xy o2 U 4 9ltHWallace and Selman, 1981). 52| A
T 85 ARl ZATAZ cht GRMEEO] A EXsin
Ao, FRAME o UL GFu ) UEE o R Atk 7)o 28] o4t
A AREME Fodasyga Faso
ogE g 453 FAES HE F5EHIoY ol YRAEES 4l
lol 2ch2 st glo], o] olEs 4A7lo It Moty

Z7] BsEe Ao® RHAAL {E§F € affinis (Ceballos-Vézquez

et

ox
=)

and Elorduy-Garay, 1998)2} C. princeps (Elorduy-Garay and Ramirez-
Luna, 1994)% GIu|F7UdP 02 Ateia]y] 10€o]A 4€o] A t}y
Ridisis=

AZAo] MASHE SE APel ME 4o R AP 15.0~
30.0 cm HelolM = o3l AREol £, AF 30.0 e oJAME iR
2 4300 2Esi, % 144 ol AgoZ 23]
Jeong, 1988). o] AFolN =AY SE HEFEE A
HelollA o] EXu|go] 99%, A 34.0 cn ool FHe] Exy
&°] 70% o] 28 &A UER} Kin and Jeong (1988)2] X 71¢} |- A}sle}.

€’3414%0]Ql anemonefish, Amphiprion frenatusolxs 29 ole] (A A}
7

53.3~86.7 m) & 3 mlel: A0 AzAg AU AEMACE A4
PR a0 ulRF FHY, YAYEL B XA T 23
=

e
N

Atolol BAE Adch daze 22 2HAY YA YRMAEES 1
QE AL iR JdRMEE0] 35l (Nakanura et al., 1994). o] &
TFoll A SMIE A4ty ol FRAEEO] RSN XY HAY
¥ ¥ BRAEF] EE3He AAo] FristHA FLAFe] HelE 2

-
82
ar o
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och 2l FAYE AR ddel whzl dAauel FHUAY GEME
&°| = Fold FAR AE Boch

2Hd d<5olQl xlule], Epinephelus bruneus= A% 30.0~92.3 cm H¢|
o] JRAMlol A thFEel A4 ol GAEel FHEAY GRAEE 24
3, 45 AAge] BAAtuE whel AU M E(gonial cell)7}t R
M| 3% (spermatogenic cell) 2 ‘Uesii} 1 ojatel Wy |AR|=] ¢f
o3, s74ol, E septemfasciatus®] 7Z-Lolx HA 23.4~38.7 cm Holl
A o2}t FAIRE A A el Flgth(Lee et al., 1993). o] el A
SFIo A A4 ol FAlyul g utel BUAR FEAMESo| s
ot FRME A o]ite] wheto] TAUR|A] ot Ahule|, E. bruneus,
5780, E septemfasciatus®} vls=¥t QPAS Rach Te|n Hulel, E
akaarat % 22.0~33.0 cm H¢jollA oif-E BAlsufol] FHAAN
EAMEFo] xSt glen 7]Ae] AAlulo] AYBANEE] F2E
Fgstar oletl, A4 71N Eid(cyst)ulo] U APBNMTES
P2 BEMER Sl R4 BFA7 Mo EoA X3t AUA
MAZEES GRMEZE &3 wdshs Z3o] Ath(Hwang, 1993).

2 M 401l wrasse, Thalassoma duperrey= *d o] UojL}7] Ao
wha upatoll A Al A M EE] A=Y FejH oz AT Y
MEo] F&ol o YPrh(Nakamura, 1989). SEoME FUMET}l HUAME
o] FehAHA T oYl

Tokushima & &2 Z-¢ 73 ¥ A% 15.0 am A7 &= A2y
Aol ARMET} TAsHs YN HTHFig. 7). GARE zHe o3
= A% 15.0 cm ool EWsIHT, BALY FRHEEo] R 2
s 28 A= BH 18.0 coollM Ueltony, obzie] ¥4 AN
AY 220 cm, FAY HES A= FF 29.0 oy 2Vsigc)
(Watanabe and Suzuki, 1996). &ERFQ C affinisolls ¢S A2 22,
1~30.0 cmoll A &¥o] Wty +ALS A 24.1~32.0 cnollq 2 X
5t CH(Cebal los-Vézquez and Elorduy-Garay, 1998).
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of dFolA AF dete] ELS HF 12.0~15.0 cu H99 Aol A
BN ol A BT 4Bz PAA Yo &
xot FRMESFo] iR A |sh= MVt &¥sida, ¢
He A% 23.0 cn, $3Y B84 /AE 25.0 o o] 2Vt Watanabe
o Suzuki (1996) 5o Hael fARE SAe BHyou) ¢zle] ML
AA7E cha 2 AAolM yeludth d2ln o] dpolM WAZRE =
SFI= Ao ALAAMEE] £Xst=tl 05 2 ¥ 3R
E HEL, ol ¥ AAMEE HHAT0s dA o] f4ito] iy
ALY ool ARIEHG B ¢FoR J5g A= Ao 3H
Th 32|32 Aol FHA GRMHMESC] £4 EXslD i yn

g WZol BAHte|Eel 7t
= YA £7o2 75& st Utk o] AFoA SFI7t YAROE, SMI
7t R0 EHste AS 2AYAFoT WAL SFIVt £3oE,
SMIZ} @2 AMSE Al 3ol B £ QO (Fig. 8) olo] 3}
THAE S g2 ZANY "Wart gt

&&®< C affinis (Ceballos-Vizquez and Elorduy-Garay, 1998)2} C.

MEEO] TRt MO FLE J5A7]0] &

princeps (Elorduy-Garay and Ramirez-Luna, 1994) ABAlA o U@y
S BRAMEEO] At 7Hd(intersex)d] 28 L gl o) ARl w
< 88 B2 HF 22.0~30.0 cn HHL B Ulolgdm, A 2.
0~34.0 co 9] ool 52| &8o| wglr}.

of dFold SE2 F¢ Aol wlE Mo Exe} Ao YRIzE
& ol GRoA F3o2 JAY S 23 £ 12y Eg 3o} &
T YoM, SES B2 AAE nEHE Lol Mz gog
SEY 42 AFL St 27] 4BHE B} AUsHA ZARE "o

7} Qdcia o}
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< 1 year >« 2 year > |3 year

> 9 j—| Qmature || ¢

r—» 15¢cm 19 cm 22 cm

— | 3 le— | d superior | —>| &

18 cm 24 cm 29 cm

t
differentiation

Fig. 7. Sexual differentiation of B. japonicus in Tokushima prefecture,

{hatche.d]

fy

— S| \

prmitive (79.4%) 4| 2 mature | ¢——>| ?
L_Q_Qf,lié,_, — | Ovarian cavity 23 cm 12.0~33.96m

CSMI o >
> 8 mature | d

(20.6%)
—t 25.0~42.9cm
Ovarian cavity 25 cm
absent

112 cm] 115 cm 42.9 cm |

Fig. 8. Sexual differentiation of B. japonicus in this study.

SMI: Superior Male Intersex. SFI: Superior Female Intersex.
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V. & ¢

AT A2t {F, B japonicus®] BAF7]et H4EA S mietsts] ¢
S| BHAFAT, GRARZ Udat Y25 Gado] Hdlo] 2o
g ZAlstgch

1. BAAZFRA$E= 19979 195E 19999 129712 §AI3 QAS B
don 9~10¥oll= 1.50 o] &2 g B ¥ 11¥e] 4=
A Thr] 0.50 o]3t2 FA3] Yol

2. I8 RS R Py 5332 A48, IBRF A,
AZAEL W, ¥ oF F ZAYA Aol o) the ITHA
2 Rk g@Melr], FHAY], R0 R 13 Oy,
22} g7, 33 7], Yol deln @572 LHegdch

3. & BAFI = dau GRAZY UHUAS J2Z 3o B
HTH), 8571(949), 85 9 akgH10~119), F= ¥ HBI(12~
6¥)2 Lhrolrh F ARhAZ1E 1090] 2 whie A2 |57
HEBOZAM AHgEAI7Iof 23 o] AMedte o' FAHCL

4. SME FEAEE] A Lol ThFEE AT 24l YuA

E5o] EAstAct

5. SFl& W&o FehE 7HAH dalsuo] GRMZEC] thEE 2125}
A3, £ FUME Felot FRAME FalEo| Ez|sieich.

6. ¥ 628 ute] ¥ 362 n}z|(57.7%)7F UH, 63 u}e](10.0%)7} 2=FHo|d
3 3 7iAl= 203(32.3%) o2l ZHEA & SMI:= 103 nmie)(16
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.4%), SFI= 100 n}2|(15.9%)%c}t ZAR 5o MAL 12.7~41.5
co HelHTh Yo wE Fo FXE BH, ¢3RS 12.0~33.9 cn
(99.0%)oll M F2 EX3}H D, £ A3 25.0 e o]0l W3]
SMI= A& 12.0~15.9 cm 2} 22.0~36.9 cm (98.1%) BloA &
Txstedch. 223 SFI= A3 19.0~33.9 cm (97.0%) *HelolA
T2 ZXE3HAct

[+

152 Azold 55 HULES daold BoE HABeE 2%
A& Hohg 4 ¢lof nlEHY Aol AAYY, oz 27)
28 3 YAstd Aol titt A= Qe @77} e7Wch

A
T

9

3
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